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Abstract 

The vegetation history of coastal southern California is incompletely known, due primarily to a lack 
of suitable sites for preservation of subfossil organic remains, and destruction of sites by recent human 
impact. One coastal site, along Las Flores Creek in San Diego County, has yielded a pollen record, 
enabling us to reconstruct vegetation and climatic changes for the last ca. 4300 radiocarbon years. Pollen 
from riparian plants, including Typha (cattail) and Cyperaceae (sedges), are common between ca. 4000 
and 2600 years ago. Cupressus, or a closely related tree, may have grown along this riparian corridor, 
suggesting formerly larger range for this plant. By ca. 2600 years ago, a vegetation mosaic including 
elements of the coastal sage, chaparral, and grassland communities, were established near the site, per¬ 
sisting until the introduction of exotic weed and tree species within the last century. 

The pollen record from Las Flores Creek provides information on the environment of the Native 
American population during the Late Holocene. Local plant species undoubtedly provided resources for 
seasonal occupation of the coast, which supplemented extensive shellfish collecting, especially after ca. 
2000 years ago. An increase in pollen from the Chenopodiaceae at that time may correspond to local 
human-caused disturbances. 


Analysis of pollen assemblages from stratigraph¬ 
ic profiles in southern California has lagged signif¬ 
icantly behind studies in other parts of the state 
(Adam 1985). The primary reasons for this include 
a perceived lack of suitable sites, as well as gen¬ 
erally poor pollen preservation from sites that have 
been analysed. Because traditional sites for pollen 
profiles (i.e., lakes or bogs) in this arid region are 
generally missing at low elevations in southern Cal¬ 
ifornia, alternative sites, such as alluvial sections or 
estuaries, must be investigated in order to provide 
information on local vegetation changes for the 
coastal region. 

Pollen recovery from alluvial and colluvial sec¬ 
tions at locations in California and the American 
Southwest has been highly to moderately success¬ 
ful. For example, Anderson and Smith (1994) and 
Koehler and Anderson (1994) reported on montane 
alluvial/colluvial profiles at middle elevations in the 
Sierra Nevada. Pollen preservation was excellent in 
these sections, which occurred as low as 1509 m. 

Holocene pollen profiles have been investigated 
as well from several coastal estuary sites in south¬ 
ern California, including Los Penasquitos Lagoon 
and Mission Bay in San Diego (Mudie and Byrne 
1980), San Joaquin Marsh in Orange County (Davis 
1992), and Abalone Rocks Marsh on Santa Rosa 
Island (Cole and Liu 1994). Pollen deposited in es¬ 
tuarine sediments contains assemblages from ter¬ 
restrial, freshwater, and marginal marine plants, and 
has been used to infer changes in sealevel as well 


as the terrestrial record from the adjoining uplands. 
A late Pleistocene pollen record was also obtained 
from a rockshelter on San Miguel Island (West and 
Erlandson 1994). 

In January 1994, we discovered a thick alluvial 
section near the mouth of Las Flores Creek, on 
Camp Pendleton Marine Base, San Diego County. 
Our investigations were part of ongoing archaeo¬ 
logical excavations on the Base (Byrd 1996). Pollen 
preserved in this 4.75 m section has allowed us to 
reconstruct the vegetation history of the upland and 
riparian habitats near the shoreface, in contrast to 
those from the sub- and near-tidal marshes of south¬ 
ern San Diego, Orange, and Ventura Counties 
named above. The data from the Las Flores Arroyo 
not only provide a Late Holocene record from a 
region with inadequate paleoenvironmental cover¬ 
age, but also provide an environmental context use¬ 
ful in archaeological reconstructions of the region. 

Location and Characteristics of Site 

The Las Flores Arroyo site is located along Las 
Flores Creek, at the mouth of Las Pulgas Canyon, 
on Camp Pendleton Marine Base (Las Pulgas Can¬ 
yon USGS 7.5' Quad; 33°17'30"N latitude; 
117°27'30"W longitude; Fig. 1). The top of the sec¬ 
tion occurs at an elevation of ca. 6 m. The deposit 
is a deeply incised Holocene alluvial terrace, with 
stacked silts and sands comprising both alluvial de¬ 
posits and paleosols (Fig. 2A, personal observa¬ 
tions, and Waters 1996). 
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Fig. 1 . Location of the Las Flores pollen site, San Diego County, California, as well as other nearby sites mentioned 
in the text. 1 = Las Flores profile (this paper); 2 = Los Penasquitos Lagoon and Mission Bay (Mudie and Byrne 
1980); 3 = San Joaquin Marsh (Davis 1992); 4 = Abalone Rocks Marsh (Cole and Liu 1994); 5 = Santa Barbara 
Basin (Huesser 1978; Byrne et al. 1977). 


The vegetation of Camp Pendleton and the ad¬ 
jacent coastal uplands was mapped by Pacific 
Southwest Biological Services, Inc. (1986); Zedler 
et al. (unpublished) has studied the community 
composition of the Base. At least four distinct plant 
communities occur within 500 m of the Las Flores 
site (Fig. 2B). Community composition and vege¬ 
tation distribution on the Base is heavily influenced 
by past land use activities, including farming and 
grazing, fire, construction activities, and military 
training (Zedler et al. unpublished). 

The arroyo itself presently supports Cottonwood/ 
Willow Riparian Woodland. Common tree species 
in the riparian zone include Populus fremontii S. 
Watson ssp. fremontii, P. balsamifera L. ssp. tri- 
chocarpa (Torrey & A. Gray) Brayshaw, Salix 
gooddingii C. Ball, S. lasiolepis Benth. and S. lae¬ 
vigata Bebb. Typical associates include Plat anus 
racemosa Nutt. (California sycamore), as well as 
Artemisia douglasianna Besser (mugwort), Bac- 
charis salicifolia (Ruiz Lopez & Pavon) Pers. 
(mule-fat), Conium maculatum L. (poison hem¬ 
lock), Xanthium strumarium L. (cockle burr), Ur- 
tica dioica L. (stinging nettle) and Vitis girdiana 
Munson (wild grape) (Zedler et al. unpublished; 
Beauchamp 1986). The alluvial deposit itself is 
covered by Southern Willow Scrub. This vegetation 
unit includes the willows mentioned above, plus 
Salix exigua Nutt. Associated herbaceous species 
include Toxicodendron diversilobum (Torrey & A. 
Gray) E. Greene (poison oak). Ambrosia psilos- 
tachya DC. (ragweed), U. dioica, X. strumarium, 
Artemisia douglasianna, and the non-natives of C. 


maculatum, and Foeniculum vulgare Miller (sweet 
fennel). 

On the headland immediately south of the arroyo 
is found a small patch of Diegan Coastal Sage 
Scrub, dominated by low (<2 m), soft-leaved, 
drought-deciduous shrubs (Zedler et al. unpub¬ 
lished). Plant composition is variable across gradi¬ 
ents of exposure, elevation and soil type. However, 
dominant species include Artemisia califomica 
Less. (California sagebrush). Salvia mellifera E. 
Greene (black sage), Malosma laurina (Nutt.) 
Abrams (laurel sumac), Baccharis pilularis DC 
(coyote brush), Lotus scoparius (Nutt.) Ottley 
(deerweed) and Eriogonum fasciculatum Benth. 
(California buckwheat). Chaparral species poten¬ 
tially occurring within this community include Ce- 
anothus crassifolius Torrey (hoaryleaf ceanothus), 
Rhamnus ilicifolia Kellogg (holly-leaf redberry), 
Rhus integrifolia (Nutt.) Brewer & S. Watson (le- 
monadeberry), Heteromeles arbutifolia (Lindley) 
Roemer (toyon), and Cercocarpus betuloides Tor¬ 
rey & A. Gray (mountain-mahogany). 

Non-Native Annual Grassland presently occupies 
a large area south of Las Flores. Common intro¬ 
duced grasses include Bromus diandrus Roth, B. 
madritensis L. ssp. rubens (L.) Husnot, B. hordea- 
ceus (ripgut, foxtail chess and soft chess), Avena 
barbata Link, A. fatua L. (slender and wild oat), 
Hordeum spp. (wild barley), and Lolium multiflo- 
rum Lam. (Italian ryegrass). 

Methods 

The Las Flores Arroyo wall face was sampled on 
5 May 1994. Using an extension ladder to reach the 
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Fig. 2. A. Exposed section of the Las Flores Creek alluvial deposit. The man on the ladder is ca. 2 m tall for scale. 
B. Vegetation communities in the vicinity of Las Flores Creek. Most of the foreground and middle of the photo is 
coastal sage scrub and introduced species. Beyond Interstate-5 is coastal grassland; chaparral and oak woodland [En- 
gelmann (Quercus englemanni) and coast live (Q. agrifolia ) oaks] blanket the hills in the background. Sample site in 
Figure 2A is at center-right. 









174 


MADRONO 


[Vol. 45 


profile top, the arroyo face was scraped clean with 
a trowel, and samples of the sediment were col¬ 
lected with a hammer and chisel from the face. 
Samples were taken at ca. 25 cm intervals from the 
surface of the deposit to 475 cm depth (total of 20 
pollen samples). Samples were placed in 1-gallon 
bags for transport back to the laboratory. 

At Northern Arizona University’s Laboratory of 
Paleoecology (LOP), the pollen samples were pro¬ 
cessed by a technique which included suspension 
of a 20 cc subsample of sediment in dilute HC1 to 
dissolve carbonates. Lycopodium tracer tablets are 
added at this step to allow for the calculation of 
pollen concentration. Subsequent steps included ov- 
emite suspension in HF to dissolve silicates, and 
flotation of the pollen in ZnBr 2 . The resulting pol¬ 
len residue was washed with distilled water and 
placed in glycerol for examination on microscope 
slides. Each sample contained abundant charcoal, 
so a final step was added in which we suspended 
the pollen residue in sodium pyrophosphate and fil¬ 
tered it through an 8 jjl mesh. This eliminated most 
of the charcoal, making the sample more easily 
counted. The resulting pollen samples were counted 
to a fixed pollen sum as necessary on a Leitz mi¬ 
croscope, with reference to the modem pollen ref¬ 
erence collection at the LOP. The pollen sum in¬ 
cluded all terrestrial pollen types (plus degraded 
and unknowns), and excluded aquatics (Cypera- 
ceae, Typha ), riparian trees ( Tamarix, cf. Platanus, 
Populus, Juglans, Alnus and Salix ), and spores. 

Three samples were taken for radiocarbon dat¬ 
ing, at 100, 170 and 370 cm depth. Radiocarbon 
dates were performed by Beta Analytic, Miami. 

Conventions for pollen identifications. Forty-one 
pollen and four spore types were recognized, ex¬ 
clusive of deteriorated and unknown grains. Where 
possible, grains were assigned to the generic level, 
more rarely to the family level. Several groupings 
were further subdivided, including the Asteraceae, 
the genus Pinus, the Malvaceae, and the spores. 
The following conventions were used for those 
groups that were subdivided: 

Asteraceae. Pollen of the Asteraceae were sepa¬ 
rated into 11 groups. Main groupings included Am¬ 
brosia (ragweed), Artemisia (sage), Cirsium (this¬ 
tle), Liguliflorae (chicory), and other Asteraceae. 
However, since a majority of grains were in the 
other Asteraceae group, six morphotypes were rec¬ 
ognized, based upon the size and shape of the 
spines, as well as the size of the grain itself. Based 
upon an unpublished list of plants growing on 
Camp Pendleton Marine Base, the following genera 
were included in the 11 Asteraceae subgroups. Am¬ 
brosia-type included Ambrosia, Iva, and Xanthium. 
Artemisia- type included only Artemisia. Cirsium- 
type included Cirsium and Centaurea. Liguliflorae 
included Cichorium, Lactuca, and Taraxacum. 
Each of these species has been introduced to the 
Base, thus ancient pollen grains must include ad¬ 


ditional species not presently near the site. Bac- 
charis- type included Baccharis, Brickellia, Conyza, 
Co tula, Encelia, Erigeron, Eriophyllum, Gutierre- 
zia, Helianthus, Heterotheca, Pluchea, and Senecio. 
Coreopsis- type included only Coreopsis. Chaen- 
actis- type included Bebbia, Chaenactis, and Vigui- 
era. Solidago- type included Euthamia, Solidago, 
and Gnaphalium. Two additional members of the 
Asteraceae include Type 4 and Type 6, not refer¬ 
able to other members of the family presently iden¬ 
tified. 

Pinus. Pine pollen was separated into diploxylon- 
type {Pinus coulteri D. Don and P. ponderosa 
Laws.; both presently occur on the Base), and un¬ 
differentiated pine-type. 

Brassicaceae. Only one pollen type of mustard 
was recovered primarily in the most recent sedi¬ 
ments. This was assigned to the genus Brassica, 
because of the ubiquity of the plant. 

Apiaceae. Only one pollen type of umbel was 
recovered, primarily contemporaneous with Bras¬ 
sica. The pollen type is most similar to Foeniculum, 
which is also the most common umbel at the site 
today. 

Malvaceae. Specimens of Sphaeralcea and an 
unknown Malvaceae occurred in the pollen assem¬ 
blages. 

Spores. Four types of trilete spores occurred in 
the assemblages. These were assigned to Cheilan- 
thes- type, Ophioglossum- type and two unknowns. 

Results 

Sediments. Sediments of the pollen profile were de¬ 
scribed in detail by Waters (1996). The column 
consists of six major units. Unit I (bottom-most 
unit) is a brown sandy clay with a paleosol at the 
top, containing calcium carbonate nodules and root 
casts. Unit II is a silty sand, also containing calcium 
carbonate nodules and root casts, capped by another 
paleosol. Unit III is a fining upward sequence with 
sand at the base, fining upward to sandy silty clay 
at the top. A third paleosol caps the sequence. Cal¬ 
cium carbonate was also present in these sediments. 
Unit IV, a silt and silty clay, again contained pedo- 
genic features, including calcium carbonate. Unit V 
was a gray, bioturbated silt, with archaeological de¬ 
bris and marine shells throughout the deposit. The 
upper unit, VI, is highly disturbed, and may consist 
of spoil sediments. 

Chronology. Three radiocarbon dates were obtained 
from this profile (Table 1). Beta-75375 (1800 ± 80 
yr BP) came from Unit IVb, Beta-76432 (2610 ± 
80; collected and submitted by Mike Waters) came 
from Unit Illb, and Beta-75376 (4230 ± 60 yr BP) 
came from near the top of Unit lb. The first and 
third samples contained low carbon content, and 
required extended counting. The low standard error 
suggests that little if any contamination by older or 
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Table 1. Radiocarbon Dates from the Las Flores 
Pollen Profile. 


Lab # 

Depth 

(cm) 

Conventional 
C14 age 

Calibrated 
calendar yrs 

Beta-75375 

100 

1,800 ± 80 

AD 60-420 

Beta-76432 

170 

2,610 ± 80 

BC 905-515 

Beta-75376 

370 

4,230 ± 60 

BC 2920-2610 


younger carbon was present, even though each 
sample consisted of bulk sediments. 

Pollen. Forty-one pollen types were identified from 
the Las Flores pollen assemblages (Appendix Table 
1). Pollen preservation varied from very good in 
levels near the surface, to very poor near the bot¬ 
tom. This was reflected both in the number of 
grains counted to achieve a rational pollen sum, as 
well as the pollen concentration from each of the 
samples. Pollen sums exceeded 300 grains in sam¬ 
ples above 150 cm depth, were ca. 200 grains be¬ 
tween 175 and 225 cm depth, dropped to below 100 
grains from 250 to 300 cm, and were essentially 
barren below 330 cm depth (Appendix Table 1). 
Similarly, pollen concentrations (grains/cc) aver¬ 
aged 25,400 grains/cc (range = 888 to 83,700) in 
the top 150 cm, but dropped to 1815 grains/cc 
(range 521 to 6060) from 175-225 cm. Pollen con¬ 
centrations below 225 cm were generally a couple 
of hundred grains/cc or less (Appendix Table 1). 

Pollen zones. Based upon composition of the pollen 
assemblages, as well as pollen concentration val¬ 
ues, five pollen zones are recognized. Pollen zones 
correspond largely to major breaks in sedimentary 
composition, as determined by Waters (1996). The 
pollen assemblages are described below: 

Pollen Zone I (bottom of profile [475 cm] to 315 
cm). Pollen is essentially absent from this section 
of the core (Fig. 3; Appendix Table 1). Individual 
grains of Cupressus- type, Baccharis- type, Brassi- 
caceae, and Apiaceae were found, but their num¬ 
bers were insufficient to warrant an interpretation. 
These sediments correspond largely to Waters’ 
(1996) Units I and II. The single radiocarbon date 
from this unit is middle Holocene (4230 ± 60 yr 
BP). 

Pollen Zone II (ca. 315-140 cm). Pollen concentra¬ 
tions increase substantially throughout the zone, 
from negligible amounts at the bottom to several 
thousand near the top. This trend is paralleled by 
an increase in degraded grains (see below). The 
dominant pollen type in the lower portions of the 
zone is Cupressus- type, but above ca. 225-250 cm 
Cupressus declines as several pollen types of the 
Asteraceae increase (Fig. 3). Prominent among 
these is the Baccharis- type, though Solidago -, Co¬ 
reopsis- , and Chaenactis types also become impor¬ 
tant. Members of the Ambrosia group, as well as 
the Liguliflorae, are abundant. Artemisia and grass¬ 


es also increase toward the end of the zone. Spores 
of several species are prominent during this zone, 
including Cheilanthes, Ophioglossum, and two un¬ 
identified types. Aquatic herbs are most abundant 
during the early portion of the zone. Pollen Zone 
II largely corresponds to Waters’ (1996) Unit III. 
Waters collected a radiocarbon date near the top, 
dating 2610 ± 80 yr BP. 

Pollen Zone III (ca. 140-100 cm). Pollen in this 
zone is little changed from Zone II below it, except 
in the relative absence of Cupressus- type and the 
increase for the first time in pollen of Chenopodi- 
aceae-Amaranthus plants (Cheno-Am) (Fig. 3). The 
pollen assemblage is still dominated by members 
of the Asteraceae, though Coreopsis- and Chaenac- 
fA-types are less important. Other than a few grains 
of sedge (Cyperaceae) no aquatic or riparian pollen 
is found. This zone corresponds to Waters’ (1996) 
Unit IV. The single radiocarbon date near the top 
of this unit is 1800 ± 80 yr BP. 

Pollen Zone IV (ca. 100-40 cm). Major changes in 
the pollen profile begin in this zone. Pollen con¬ 
centrations are the highest of any pollen zone, av¬ 
eraging 67,750 grns/cc. The pollen assemblage con¬ 
tinues to be dominated by Baccharis- and Solidago- 
types, but Cheno-Am, Artemisia, and grasses re¬ 
main prominent. Cupressus and Ambrosia are 
absent. One pollen type, Eriogonum, becomes most 
abundant in this zone, while a second, Brassica- 
type, is first recognized here. Riparian indicators 
( Alnus, Salix, and Cyperaceae) are also important 
once again. Pollen zone IV corresponds to Unit V 
of Waters (1996). 

Pollen Zone V (ca. 40 cm to the profile top). This 
pollen assemblage is the most distinctive of any in 
the profile. The assemblage is dominated by Bras- 
sica- and Foeniculum- type pollen, both indicative 
of severe disturbance. Cheno-Am pollen, another 
disturbance indicator, reaches its maximum here. 
Tree pollen includes Pinus, and the introduced spe¬ 
cies Eucalyptus, Olea, and Tamarix. Riparian spe¬ 
cies include cf. Platanus, Juglans, Salix, Alnus, and 
Cyperaceae (Fig. 3). This zone corresponds to Wa¬ 
ters’ (1996) Unit VI. 

Discussion 

We examined several sites along the Camp Pen¬ 
dleton coastline for potential reconstruction of Ho¬ 
locene paleoenvironments. Our reconnaissance, as 
well as those of Waters (1996), suggested that anal¬ 
ysis of alluvial deposits provides the best opportu¬ 
nity for paleoecological reconstruction there. Wa¬ 
ters (1996) and Waters et al. (in press) identified 
two types of stream systems operating along the 
coast. Some streams, like Santa Margarita Creek, 
have large drainage basins with through-flowing 
discharge capable of maintaining an open channel 
to the ocean. Other fluvial systems have consider¬ 
ably smaller drainage basins with smaller discharg- 
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Fig. 3. Pollen percentage diagram for the Las Flores Creek pollen profile. Silhouettes are the pollen percentages X10. 
Dots represent single-grain occurrences of the individual pollen types. 


es, and do not terminate at the ocean. Instead, these 
drainages most often terminate in lagoons or 
sloughs, dammed by beach sand. During large 
storms when stream discharge increases, a channel 
cuts through the beach deposit, and the slough 


drains. Subsequently, shoreline processes restore 
the beach and the slough forms once again. The 
Las Flores Creek deposit falls in the latter category. 

Differences of opinion exist between researchers 
regarding the interpretation of alluvial pollen as- 
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semblages. Hall (1985) reviewed the literature from 
alluvial sites in the Southwest. Though local veg¬ 
etation changes can be interpreted from the data. 
Hall noted that many profiles contain unconformi¬ 
ties, with pollen sequences typically beginning or 
ending during the late Pleistocene or middle Ho¬ 
locene, due to changes in sedimentation, erosion, 
or soil formation. Fall’s (1987) work in Arizona 
suggested to her that alluvial pollen was unreliable 
for reconstruction of regional paleoenvironments. 
For most contexts, it should be assumed that allu¬ 
vial pollen integrates vegetation occurring near the 
stream or channel. At a minimum, alluvial pollen 
records local vegetation changes, often associated 
with paleohydrologic changes, and tied to climate. 

The record exposed along Las Flores Creek rep¬ 
resents at least the last ca. 4300 years, perhaps lon¬ 
ger. It is an important record since records from 
only three other coastal sites (Davis 1992; Cole and 
Liu 1994; Mudie and Byrne 1980) have together 
defined the Late Holocene sequence for southern 
California. Each of these studies record vegetation 
changes within coastal salt marshes, while the rec¬ 
ord from Las Flores Creek is largely from a coastal 
bluff. In addition, the Las Flores site exists along¬ 
side a prehistoric archaeological site occupied by 
Native Americans (during Pollen Zone IV). 

The pollen changes presented here record some 
startling vegetation changes along the Las Flores 
corridor, though unfortunately, the record cannot be 
interpreted with any precision below ca. 315 cm 
depth. Pollen Zone I (sedimentary Units I and II), 
deposited primarily before ca. 4200 yr BP, record a 
basal and succeeding unit of deposition, each cap¬ 
ped by soil development. Pollen preservation was 
largely unfavorable in these sediments. Poor pres¬ 
ervation and low concentrations could result from 
intense decomposition during soil formation, or 
rapid sedimentation and dilution of pollen. Existing 
evidence cannot exclude either hypothesis. 

However, during Pollen Zone II time (deposi- 
tional Unit III), pollen preservation increased from 
bottom to top. Waters (1996) described this unit as 
a fining upward sequence, implying channel infill¬ 
ing and overbank deposition. The resulting pollen 
assemblage provides some support for this inter¬ 
pretation, as well as insight into the vegetation 
communities that existed along the banks of the an¬ 
cient Las Flores Creek. Riparian indicators ( Typha , 
Cyperaceae, Ophioglossum- type) are most promi¬ 
nent in the coarser sediments deposited near the 
opening of Zone II, and become less important with 
time. The increase in degraded grains near the top 
of the unit are indicative of intense soil formation. 
A third period of soil formation commenced some¬ 
time around 2600 years ago. 

The occurrence of Cupressus- type pollen is of 
great interest, yet becomes problematic, for several 
reasons. Cupressus does not occur on Camp Pen¬ 
dleton today. The abundance of Cupressus- type 
pollen during this time is suggestive of a riparian 


gallery forest of Cupressus , or, alternatively, trans¬ 
port of the pollen from nearby upstream locations. 
The disappearance of Cupressus- type pollen during 
the waning stages of Zone II time could then rep¬ 
resent movement of the stream away from the pres¬ 
ent profile site, or local extermination of the spe¬ 
cies, perhaps due to more frequent drying of the 
slough. Problematic is the fact that today Cupressus 
guadalupensis ssp .forbesii and C. arizonica ssp. E. 
Greene stephensonii are both found in chaparral 
foothills, though the former presently occurs as low 
as 150 m (Beauchamp 1986). A remnant population 
of the former grows in the Santa Ana mountains of 
Orange County (Vogl et al. 1988). The morphology 
of the grain is not referable to Juniperus, and is 
less like Calocedrus, both of which occur at higher 
elevations and away from the site today. All mem¬ 
bers of the Cupressaceae produce copious amounts 
of pollen, and the absence of Cupressus- type pollen 
higher in the profile suggests local extirpation of 
the plant. 

Increases in pollen of Artemisia , Eriogonum and 
Poaceae, as well as the establishment of a large 
number of species in the Asteraceae family, suggest 
establishment of a vegetation mosaic, including 
coastal sage, chaparral and grassland communities, 
near the site by ca. 2600 years ago. This mosaic 
has largely persisted until the present, with allow¬ 
ances for recent introductions of non-native plants 
and changes associated with human disturbance. 
Pollen spectra from Santa Barbara Basin cores 
show similar increases in species of coastal sage 
scrub ( Artemisia, Eriogonum , Labiatae) and chap¬ 
arral (Rosaceae-Rhamnaceae-Anacardiaceae) dur¬ 
ing the Late Holocene (Heusser 1978). Since the 
source of pollen extracted from this marine core is 
the area drained by the Ventura and Santa Clara 
Rivers, we conclude that the record from Las Flores 
is a local example of a large-scale development of 
coastal vegetation in southern California. The Las 
Flores record is important in confirming this theory, 
and fixing the timing of the vegetation change. 

The pollen assemblage of Zone III time largely 
represents continuation of conditions during Zone 
II, and a transition into Zone IV times. Sediments 
deposited during Zone IV time (Unit V of Waters, 
1996) include a prehistoric archaeological occupa¬ 
tion represented in the section by marine shells 
(dominated by Donax gouldii ), fire-affected rock, 
and charcoal; a radiocarbon date suggests deposi¬ 
tion centered around 1800 years ago. Archaeolog¬ 
ical excavations of this site directly to the north 
revealed an extensive coastal shell midden also ra¬ 
diocarbon dated between 1800 and 1500 years ago 
(Byrd 1996). This prehistoric occupation is part of 
a regional trend toward intensive exploitation of pe¬ 
riodic Donax resurgences during the last 2000 years 
(Byrd, in press; Reddy 1996a; Laylander and Saun¬ 
ders 1993). These sediments are darker colored and 
considerably more organic than those below. This 
may have contributed to the higher concentration 
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of pollen found during Zone IV time. Though the 
pollen is not significantly different from below, in¬ 
dicators of local disturbance (e.g., Brassica- type 
and Cheno-Am pollen) suggest human activity. 
{Brassica- type pollen probably includes several 
species or genera, and probably does not represent 
the same species found in Zone V above). The first 
occurrence of willow pollen suggests that the mod¬ 
em willow scrub community originated on the de¬ 
posit surface during this time. 

No pollen types indicative of aboriginal cultiva¬ 
tion were found in these sediments. Recent inves¬ 
tigations have demonstrated that aboriginal occu¬ 
pation patterns were probably not characterized by 
agriculture or horticulture (see Shipek 1989), but 
instead entailed intensive exploitation of wild plant 
and animal resources, of which shellfish, fish, small 
terrestrial mammals, grasses, and nuts were dietary 
staples (Byrd 1996; Glassow and Wilcoxon 1988; 
Jones 1991, 1992). The slowing of sea-level rise 
during the late Holocene converted the region’s 
mainly rocky shorelines into larger stretches of 
sandy beach (Inman 1983), and caused a decline in 
shellfish productivity (Warren 1964). However, pe¬ 
riodic exploitation of massive resurgences of sandy 
beach swelling Donax and offshore fishing during 
the last 2000 years provided a niche in which this 
area’s coastline could be occupied for an extended 
period each year. Based on seasonality analysis of 
fish otoliths and paleoethnobotanical remains, this 
site along Las Flores Creek was occupied at least 
from March through October (Hudson 1996; Reddy 
1996b). If abandoned during the winter, inland sites 
situated among oak groves would have provided an 
alternative seasonal niche to exploit. 

The uppermost sediments and pollen are certain¬ 
ly recent in age, dating to the occupation of Euro¬ 
peans. Several pollen types confirm this interpre¬ 
tation. Dominating the pollen assemblage are Foen- 
iculum- type (Apiaceae) and Brassica- type (Brassi- 
caceae). Foeniculum vulgare and Brassica nigra , 
which today grow on the deposit surface, are both 
native to Europe (Beauchamp 1986). Eucalyptus 
trees, native to Australia, were imported to North 
America and planted in the San Francisco region 
prior to 1860 (Ingham 1908); they were first plant¬ 
ed in San Diego County during the period 1902- 
1910 (Stanford 1970; Mudie and Byme 1980). Ta- 
marix, a native of the Middle East and Old World, 
was widely planted in the southwestern U.S., and 
has escaped along watercourses. Most of the plants 
in cultivation here were part of a clone established 
by J. J. Thomber in Arizona, during the early part 
of the 20th century (Benson and Darrow 1981; see 
also Baum 1967). Arroyo cutting probably inten¬ 
sified during Zone V time as witnessed by the in¬ 
crease in riparian pollen types (Fig. 3). This may 
have allowed the deposit surface to dry somewhat, 
causing weedy annuals to be favored. 

Though timing of the Pollen Zone I/II transition 
is uncertain, interpolation between radiocarbon 


dates suggests that the major palynological change 
occurred ca. 3800 years ago, consistent with an in¬ 
crease in effective precipitation, following a drier 
middle Holocene. Abundant evidence from the Si¬ 
erra Nevada and other locations suggest that effec¬ 
tive precipitation increased during the late Holo¬ 
cene. Anderson and Smith (1994) reported wet 
meadow deposition originated in the Sierra by ca. 
4500 years ago, indicating rising groundwater lev¬ 
els. Treeline was higher (warmer conditions) in the 
Sierra and adjacent White Mountains prior to ca. 
3700 years ago (LaMarche 1973; Scuderi 1987). 
Along the coast. Cole and Liu (1994) inferred in¬ 
creased precipitation on Santa Rosa Island begin¬ 
ning ca. 3250 yr BP, while Davis (1992) inferred 
drier conditions. Cole and Liu (1994) suggested 
that the disparity might be due to the proximity of 
the Santa Rosa site to the ocean, which, like the 
Las Flores site, is less than 100 m from the shore- 
front, while San Joaquin Marsh (Davis 1992) is ca. 
7 km inland. 

Thompson et al. (1993) presented maps of the 
effective moisture for the western United States, 
depicting the maximum effective moisture for the 
entire Pacific Coast during the last ca. 3000 years. 
Unfortunately the only blank spot on the map lies 
in southern California. The data presented here sug¬ 
gest that southern coastal California has responded 
to climatic change in a manner similar to the rest 
of coastal California and the Pacific Northwest. 

Conclusions 

Analysis of pollen from a stratigraphic section 
along Las Flores Arroyo has allowed us to recon¬ 
struct the local paleoenvironment over the last sev¬ 
eral thousand years. The Las Flores data are im¬ 
portant because they represent one of only a hand¬ 
ful of Holocene paleobotanical sites along the 
southern California coast, and are the first attempt 
to reconstruct paleoenvironments from Camp Pen¬ 
dleton Marine Base. 

In most cases, pollen changes can be correlated 
with sedimentary changes, as determined by Waters 
(1996). Declines in pollen concentration with depth 
are indicative of the increased length of time that 
the pollen has been subject to decomposition. Al¬ 
kaline conditions, as shown by petrocalcic nodules, 
are unfavorable for pollen preservation; in general, 
the greater oxidation potential of sandy sediments 
also contributes to increased pollen decomposition. 

Even so, the pollen evidence tells us that the pa¬ 
leoenvironment during Zone II time (near the end 
of the Middle Holocene) was considerably different 
from the modem environment. Cupressus (or a sim¬ 
ilar tree) probably grew along the watercourse. This 
suggests wetter conditions than occur today during 
the early part of Zone II, allowing the tree to grow 
at lower elevations. Subsequent stabilization of the 
surface and colonization by herbs occurred by 
about 2600 years ago. These conditions were main¬ 
tained until the present. 
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During the archaeological occupation of the val¬ 
ley floor. Pollen Zone IV, the vegetation growing 
locally was little changed from earlier, but in¬ 
creased disturbance may be seen by elevated 
Cheno-Am pollen. No distinctly identified cultivars 
were noted, but pollen evidence suggests semi-per- 
manent water nearby probably provided at least a 
seasonal freshwater supply. 

The historic period is recorded in the top 30-40 
cm of the profile by the occurrence of several pol¬ 
len types of introduced species. We do not know 
the source of these sediments, but the high riparian 
pollen content suggests that the sediments either 
came from a different alluvial source of recent de¬ 
position, or that incision of the deposit occurred 
within the most recent 100 years or so. 
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